Applying biomass and stem fluxes to quantify temporal and spatial fluctuations of an old-growth forest in disturbance by S. Liu et al.
Biogeosciences, 6, 1839–1848, 2009
www.biogeosciences.net/6/1839/2009/
© Author(s) 2009. This work is distributed under
the Creative Commons Attribution 3.0 License.
Biogeosciences
Applying biomass and stem ﬂuxes to quantify temporal and spatial
ﬂuctuations of an old-growth forest in disturbance
S. Liu1,2,3,*, Y.-L. Li1,*, G.-Y. Zhou1, K. O. Wenigmann4, Y. Luo1,5, D. Otieno6, and J. Tenhunen6
1South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China
2Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China
3Graduate School of the Chinese Academy of Sciences, Beijing 100039, China
4Barr Engineering, Minneapolis, Minnesota, 55435, USA
5Climatic and Agrometeorological Center of Guangdong Province, Guangzhou 510080, China
6Department of Plant Ecology, University of Bayreuth, 95440 Bayreuth, Germany
*These authors contribute equally to this work.
Received: 28 December 2008 – Published in Biogeosciences Discuss.: 3 March 2009
Revised: 2 August 2009 – Accepted: 12 August 2009 – Published: 1 September 2009
Abstract. A subtropical old-growth forest was studied over a
twelve-year period to investigate temporal and spatial ﬂuctu-
ations of biomass and stem ﬂuxes under disturbances. Vege-
tations were categorized into three types according to distur-
bances caused by biotic and abiotic factors, including Cas-
tanopsis chinensis population, insect direct-inﬂuenced pop-
ulation, and insect indirect-inﬂuenced population according
to disturbance scenarios. The biomass ﬂuxes (growth and
mortality) and stem ﬂuxes (stem recruitment and mortality)
were used to quantify population ﬂuctuations. Annual av-
erage biomass growth rate was stable throughout the study
while annual biomass mortality and stem ﬂuxes increased
consistently. C. chinensis population predominantly con-
tributed to biomass ﬂuxes of the community. Biomass and
stem mortalities of insect direct-inﬂuenced population in-
creased signiﬁcantly during the whole study period (1992–
2004). Results of indirect-inﬂuenced population showed that
(1) the increase in biomass of the dominant species was well
correlated between different intervals. Similar relationships
were foundin stem ﬂuxes; (2) higher stem mortality occurred
within the DBH range of 1 to 10cm; (3) stem ﬂuxes in the
canopy gaps were remarkably higher than those in closed
canopy.
Correspondence to: G.-Y. Zhou
(gyzhou@scbg.ac.cn)
1 Introduction
Community ﬂuctuation is the shortest temporal division of
the community dynamics; as it is a non-directional, quanti-
tative change (Glenn-Lewin et al., 1992). Disturbance is a
major cause of ﬂuctuation (Chapin et al., 2002; Rydgren et
al., 2004; Elderd and Doak, 2006) especially in old-growth
forests (Tappeiner et al., 1997). An emerging challenge in
ecosystem ecology is to improve our understanding of the
properties and processes that allow forests to persist in the
face of disturbance (Chapin et al., 2002). Research on for-
est ﬂuctuation has mainly focused on pool dynamics, such as
stem density, basal area or biomass. Pool dynamics are de-
termined by the inﬂux and efﬂux of material into and out of
the forest ecosystem (Lewis et al., 2004). Thus, quantiﬁca-
tion of ﬂuxes may be a better approach to better understand
the ﬂuctuation of forests under disturbance. In this study, we
applied the concepts proposed by Lewis et al. (2004) to quan-
tify the biomass and stem ﬂuxes (Fig. 1). First, with regard
to biomass, the forest was viewed as a simple system con-
sisting of a biomass pool with its size changing as biomass
was added to the pool by growth ﬂuxes and subtracted from
the pool by mortality ﬂuxes (Lewis et al., 2004). Second,
the same approach was also applied to stem: a pool of stems
increased with stem recruitment (inﬂux) and decreased with
stem mortality (efﬂux; Lewis et al., 2004).
Stephenson and van Mantgem (2005) showed that in the
absence of signiﬁcant disturbance or environmental changes,
mature communities experience less net change in biomass
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through time (Lewis et al., 2004). There are few studies cur-
rently that have intensively analyzed biomass ﬂuxes in ma-
ture communities subjected to disturbance. In this study, we
report results from a study on an old-growth forest under dis-
turbance. We examined how shifts in environmental con-
ditions caused by disturbance impact on stem and biomass
ﬂuxes.
The study site was an old-growth forest in Dinghushan
Man and Biosphere (MAB) Reserve. The forest was strongly
affected by an insect (Thalassodes quadraria Guene) at-
tack in the 1980’s (Huang, 2000). The biomass and stem
ﬂuxes in a 1-ha plot of the old-growth forest were calcu-
lated over twelve years (divided into three periods: 1992–
1994, 1994–1999 and 1999–2004) based on the concepts de-
scribed above. The study addressed the following questions:
(1) how do total biomass and stem ﬂuxes of the old-growth
forest change under disturbance? (2) Do these changes vary
among species growing together in a forest community? (3)
Are there any differences in the stem and biomass ﬂuxes
among DBH classes? (4) What role does canopy gaps play
in biomass recruitment/mortality and stem ﬂuxes?
2 Methods
2.1 Forest monitoring plot
The study site was a long-term monitoring plot located
in the Dinghushan Man and Biosphere (MAB) Reserve
(23◦0902100 N–23◦1103000 N, 112◦3003900 E–112◦3304100 E) in
Guangdong Province, China. The Reserve covers an area of
1155ha and experiences a subtropical monsoon climate. The
Reserve was established in 1950 to protect the only remnant
of undisturbed natural monsoon evergreen broadleaf forest in
the subtropics, and was accepted as the ﬁrst MAB reserve in
China in 1978. It has 2054 recorded native species of higher
plants. The annual mean precipitation is 1678mm, mainly
occurring from April to September. The annual mean rela-
tive humidity is 78 percent and the annual mean temperature
is 22.3◦C. Elevation in the Reserve ranges from about 14 to
1000ma.s.l. The bedrock is typically sandstone and shale
(Zhou et al., 2006).
The forest at this site is intact and has not been disturbed
by humans for more than 400 years (Zhou et al., 2006).
The aboveground community can be divided into ﬁve lay-
ers: three arbor layers, one shrub layer, and one grass layer.
In addition, the aboveground community has many kinds of
interlayer plants (liana and epiphytes). The upper canopy
is dominated by species with high importance values con-
sisting of only a few individuals. Evergreen plants are pre-
dominant and are most often natives of the tropics and sub-
tropics, such as Castanopsis chinensis, Canarium pimela,
Schima superba, and Engelhardtia roxburghiana. The sub-
canopy layer is mainly composed of Cryptocarya concinna
and Machilus chinensis (Zhou et al., 2006).
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Fig. 1. Diagram for calculating stem and biomass ﬂuxes.
The long-term monitoring plot was located in the core area
of the Reserve. It was not easy to ﬁnd another similar plot
in core area, which has been protected for approximately
400 years. The monitoring plot was established in 1982 with
an area of 0.2-ha, and was expanded to 1-ha in 1992.The plot
was divided into 400 contiguous 5×5m sub-plots to study
the biomass and stem ﬂuxes of different forest gaps. Num-
bered permanent stakes were placed at the corners of each
sub-plot (Fig. 2). In 1992, all trees ≥1cmdiameter at breast
height (DBH) were tagged, measured, mapped and identiﬁed
to a species level (a total of 107 species). The plot was re-
visited to record deaths, add and tag recruits that attained a
DBH of 1cm and renew measurements of DBH of survivals
in 1994, 1999 and 2004.
According to the study of Guan et al. (2004), the long-term
monitoring plot of the monsoon climate old-growth forest
from 1981 to 2001 was mainly affected by two climate fac-
tors, typhoons and rainstorms. No other obvious differences
were observed for other climate factors. Little ﬂuctuation of
the microclimate in the 400-yr-old monsoon evergreen forest
was found based on review of the precipitation and tempera-
ture data for the study period.
2.2 Disturbance and gap formation in the plot
A serious insect disturbance (biotic factor) caused by Tha-
lassodes quadraria Guene occurred from 1985 to 2006 in
the plot, and signiﬁcantly inﬂuenced the following four
species of Lauraceae: Cryptocarya chinensis, Cryptocarya
concinna, Machilus chinensis and Lindera chunii). These
four species have been named as insect direct-inﬂuenced
populations (Huang et al., 1998; Huang, 2000; Peng et al.,
2003; Guan et al., 2004; Shi et al., 2005; Zhou et al., 2005;
Peng ,2006; Zhang, 2006). This insect disturbance brought
intense ﬂuctuation to the community (Peng, 2006). On the
basis of long-term (1983–1990) monitoring, Huang (2000)
foundthattherewasapositivefeedbackrelationshipbetween
the population dynamics of T. quadraria and the population
dynamics of the insect-inﬂuenced population. As a feed-
back, the population dynamics of this insect species caused
the structure changes of the plant community (Huang, 2000).
In addition, three forest gaps occurred in the canopy (abi-
otic factor) in the plot occasioned by (1) tree-fall when two
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Fig. 2. Subplots in the 1-ha long-term monitoring plot in
Dinghushan Man and Biosphere Reserve, Guangdong Province,
China. Each subplot is 5m×5m. Dark area, dark gray area, light
gray area and hatched area refer to closed canopy, Gap 1 (tree fall
gap), Gap 2 (landslide prior to 1992) and Gap 3 (2002 landslide),
respectively.
canopy trees of C. chinensisi, the only species that composes
the top canopy, fell during 1997–1998 (Gap 1; Fig. 2). When
the two trees fell, they caused successive death of adjacent
trees leading to an expanded forest gap (Liang, 2001). (2)
Landslides occurring at two consecutive times, one prior to
1992 and the other in in 2002, leading to canopy Gap 2 and
canopy Gap 3, respectively (Fig. 2).
2.3 Dataset and calculations
Biomass ﬂux for each tree in the four inventories was
estimated using regression models proposed by Wen et
al. (1997). The sample trees were selected based on species
composition and distribution of DBH classes in the moni-
toring plot. Using harvesting technique, sample trees were
harvested and separated into trunk, branch, leaves and roots.
Samples were oven dried at 80◦C for 48h and biomass de-
termined. Taking the DBH as the predictive variable, the re-
gression models were built on the basis of the differences of
DBH classes. The four regression models were estimated
by DBH classes of the plot: DBH≤5cm, 5<DBH≤10cm,
10<DBH≤20cm and DBH>20cm (Wen et al., 1997). In
order to maintain natural conditions in the long-term moni-
toring 1-ha plot, sample trees were harvested from areas with
similar forest characteristics within a range of 100m outside
the established study plot.
Biomass of each tree in the plot in 1992, 1994, 1999 and
2004 were estimated using the regression models. Biomass
pool in each year was calculated by summing the total
biomass of each tree. Similarly, stem pool in each year was
calculated by summing the total number of trees.
Each tree was marked as recruitment, survival or death
over each period (1992–1994, 1994–1999 and 1999–2004;
hereafter referred to as interval I, II and III), when measure-
ments were carried out. Based on the marker, the stem vari-
ation of recruits and deaths in the plot amounted to stem re-
cruitment and stem mortality, respectively (Fig. 1).
The change in biomass over each period was calculated
based on the marker. If the marker signiﬁed a recruit or sur-
vival, this amounted to biomass growth. On the other hand, if
the marker denoted death, this amounted to biomass decrease
(Fig. 1).
Because the stem mortality and recruitment in interval I
was small; the stem recruitment, stem mortality and biomass
mortality of indirect-inﬂuenced populations were not calcu-
lated during this interval.
2.4 Pool and ﬂuxes classiﬁcation
The pool and ﬂuxes of the plot were calculated to study the
ﬂuxes at community scale. In order to analyze the ﬂuxes of
different population groups, the pool and ﬂuxes were divided
into three populations groups. 107 species in the plot were
classiﬁed according to disturbance scenarios: (1) C. chinen-
sispopulationwastheonlyonethatcomposedthetopportion
of the canopy and was rarely affected by insect disturbance;
(2) insect direct-inﬂuenced populations which included four
species; (3) indirect-inﬂuenced populations which included
all the other species.
Indirect-inﬂuenced populations were then classiﬁed into
different pools according to dominant populations, DBH
classes and subplots, respectively. Three kinds of classiﬁca-
tions were used to study the response of indirect-inﬂuenced
populations on disturbance. 25 populations were selected
based on the population ﬂux/community ﬂux≥1% in order
to analyze the ﬂux dynamics of dominant populations (Ta-
ble 1).
3 Results
3.1 Fluxes at the community scale
Biomass and stem pools of the community increased contin-
uously in the ﬁrst two intervals and decreased in interval III
(Table 2). In 1992–2004, the biomass and stem pools de-
creased by 27.4Mgha−1 and 662Numberha−1 (Nha−1), re-
spectively.
Minimal variation in annual biomass growth was ex-
perienced during the three periods; the average was
7.4±0.9Mgha−1 a−1. Whereas annual biomass mortal-
ity increased over the three intervals, 0.2Mgha−1 a−1,
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Table 1. Castanopsis chinensis population, insect direct-inﬂuenced
populations and dominant populations of indirect-inﬂuenced pop-
ulations. DBH is the average of 1992, 1994, 1999 and 2004 and
the standard deviation is also provided. A code is only provided
for the dominant populations among the indirect-inﬂuenced popu-
lations. The code correlates to the population code used in Fig. 6.
Populations Family DBH Code
Castanopsis chinensisi Fagaceae 76.4±1.5 –
Machilus chinensis Lauraceae 18.0±1.4 –
Cryptocarya chinensis Lauraceae 13.5±0.5 –
Cryptocarya concinna Lauraceae 9.5±3.7 –
Lindera chunii Lauraceae 4.1±0.0 –
Engelhardia roxburghiana Juglandaceae 34.3±2.3 I01
Schima superba Theaceae 32.8±1.8 I02
Pygeum topengii Rosaceae 18.9±1.9 I03
Gironniera subaequalis Ulmaceae 10.9±1.1 I04
Caryota ochlandra Palmae 9.5±0.6 I05
Acmena acuminatissima Myrtaceae 9.3±0.3 I06
Canarium album Burseraceae 7.0±1.2 I07
Meliosma rigida Sabiaceae 6.7±1.0 I08
Pterospermum acerifolium Sterculiaceae 6.6±0.5 I09
Mallotus paniculatus Euphorbiaceae 5.5±1.6 I10
Sarcosperma laurinum Sapotaceae 5.0±0.6 I11
Syzygium rehderianum Myrtaceae 4.9±0.6 I12
Aporusa yunnanensis Euphorbiaceae 4.8±0.3 I13
Schefﬂera octophylla Araliaceae 4.8±0.2 I14
Ficus esquiroliana Moraceae 4.6±0.6 I15
Xanthophyllum hainanense Polygalaceae 4.6±0.3 I16
Mallotus apelta Euphorbiaceae 3.6±0.7 I17
Macaranga sampsonii Euphorbiaceae 3.6±1.1 I18
Ardisia quinquegona Myrsinaceae 2.7±0.2 I19
Mischocarpus pentapetalus Sapindaceae 2.6±0.5 I20
Psychotria rubra Rubiaceae 2.4±0.2 I21
Ormosia glaberrima Leguminosae 2.4±0.3 I22
Aidia canthioides Rubiaceae 2.4±0.2 I23
Blastus cochinchinensis Melastomataceae 1.7±0.0 I24
Evodia lepta Rutaceae 1.7±0.4 I25
Table 2. Fluctuations of biomass and stem pools of the community,
the area of subplot was 5×5m2.
Biomass Stem
Year (Mgha−1) (Nha−1)
1992 317.8 4338
1994 332.7 4343
1999 349.1 4465
2004 290.4 3676
4.8Mgha−1 a−1 and 18.1Mgha−1 a−1, respectively (Fig. 3).
The biomass growth and mortality in 1992–2004 were
87.6Mgha−1 and 114.9Mgha−1, respectively. As for stem
ﬂuxes, annual stem recruitments in the three intervals were
3.5Nha−1 a−1, 123.4Nha−1 a−1 and 251.8Nha−1 a−1 and
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Fig. 3. Biomass ﬂuxes (A) and stem ﬂuxes (B) of the community.
annual stem mortality were 1.0Nha−1 a−1, 99.0Nha−1 a−1
and 409.6Nha−1 a−1. Stem ﬂuxes expanded in the three pe-
riods. The stem recruitment and mortality in the whole cen-
sus period amounted to 1883Nha−1 and 2545Nha−1, re-
spectively. From 1992 to 1999, both annual biomass growth
and annual stem recruitment were higher than biomass mor-
tality and stem mortality, therefore both biomass and stem
pools had increased. However, the biomass mortality and
stemmortality hadremarkablyexceededbiomass growthand
stem recruitment in interval III, which led to signiﬁcant de-
creases in the pools.
3.2 Fluxes of Castanopsis chinensisi population and in-
sect direct-inﬂuence populations
The annual biomass growth of C. chinensisi population ac-
counted for 24.5%, 46.6% and 35.1% of the total biomass
growth of the community in the three periods, respectively
(Fig. 4). Its annual biomass mortality also accounted for
46.0% and 32.6% of the total biomass mortality of the com-
munity in interval II and interval III. The results suggest that
the C. chinensisi population contributed signiﬁcantly to the
stability of biomass ﬂuxes. There were only 15 individuals
in 1992, 15 in 1994, 14 in 1999 and 12 in 2004.
Annual biomass mortality of insect direct-inﬂuenced pop-
ulations was 30.1% in interval II and increased to 61.7% in
interval III of the total biomass mortality of the community
(Fig. 4). With the increase of annual biomass mortality, the
annual biomass growth had reduced from 1.3Mgha−1 a−1
in interval I, to 0.9 Mgha−1 a−1 in interval II and to 0.4
Mgha−1 a−1 in interval III. Meanwhile, the annual stem
mortality of insect direct-inﬂuenced populations had in-
creased to 22.0% in interval II and 25.8% in interval III of
the total stem mortality among the community. The annual
stem recruitment decreased with the increase of stem mor-
tality. Thus, the annual biomass and stem ﬂuxes of insect
direct-inﬂuenced populations indicated an aggravation of in-
sect disturbance in the period.
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Fig. 4. (A) Biomass ﬂuxes of Castanopsis chinensisi population,
(B) biomass ﬂuxes of insect direct-inﬂuenced populations and (C)
stem ﬂuxes of insect direct-inﬂuenced populations.
3.3 Fluxes of indirect-inﬂuence populations
The biomass and stem ﬂuxes of indirect-inﬂuenced popula-
tions had similar dynamics in the community except that the
differences between biomass growth and mortality were pos-
itive in all three periods (Fig. 5). Biomass growth in the three
periods (I, II, III) was 4.5Mgha−1 a−1, 3.4Mgha−1 a−1
and 3.8Mgha−1 a−1, while the biomass mortality was
0Mgha−1 a−1, 0.6Mgha−1 a−1 and 3.5Mgha−1 a−1, re-
spectively. The biomass pools of indirect-inﬂuenced popu-
lations rose in 1992–2004.
3.3.1 Fluxes of dominant populations
The dominant contributors to stem ﬂuxes in the populations
were primarily composed of average DBH classes <10cm,
while contributions to the biomass ﬂuxes were spread across
the DBH classes (1.7±0.4cm to 34.3±2.3cm).
Differences between the dominant populations in their
annual biomass and stem ﬂuxes were remarkable (Fig. 6).
For biomass ﬂuxes, the annual biomass growth varied
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Fig. 5. Biomass and stem ﬂuxes of indirect-inﬂuenced populations
as indicated by (A) biomass ﬂuxes and (B) stem ﬂuxes.
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Fig. 6. Biomass and stem ﬂuxes of each dominant population as
indicated by (A) biomass growth, (B) biomass mortality, (C) stem
recruitment and (D) stem mortality.
from 11.5 to 785.0kgha−1 a−1 in interval I, from 13.6
to 850.1kgha−1 a−1 in interval II and from 34.6 to
628.9kgha−1 a−1 in interval III. The annual biomass mor-
tality ranged from 0 to 142.4kgha−1 a−1 in interval II and
7.2 to 695.4 kgha−1 a−1 in interval III. With the clear differ-
ences in biomass ﬂuxes between dominant populations, the
signiﬁcance level of annual biomass growth between inter-
val I and interval II and between interval II and interval III
were both found at the 0.01 level (Pearson’s correlation coef-
ﬁcients of 0.919 and 0.640, respectively). No correlation of
annual biomass mortality between interval II and interval III
was found (P=0.497).
The annual stem recruitment varied from 0.2
to 26.2Nha−1 a−1 in interval II and from 0.2 to
47.4Nha−1 a−1 in interval III. The signiﬁcant correla-
tion of stem recruitment between interval II and interval III
was found at the 0.01 level (P=0.936). Simultaneously, a
similar relationship of stem mortality was also found at 0.01
level for stem recruitment between interval II and interval III
(P=0.978).
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Fig. 7. Biomass and stem ﬂuxes of each DBH class (cm) as in-
dicated by (A) biomass growth, (B) biomass mortality, (C) stem
recruitment and (D) stem mortality.
3.3.2 Fluxes of DBH classes
Annual stem mortality decreased with the increase of DBH
class (Fig. 7). The annual stem mortality in the DBH classes
of 1–10cm accounted for 97.9% in interval II and 96.0% in
interval III of the total stem mortality of the community. Fur-
thermore, the stem mortality and recruitment of each DBH
class had both risen in the two periods.
The biomass mortality did not show a similar trend to stem
mortality. The proportion of annual biomass mortality in 1–
10cm DBH class only accounted to 43.2% in interval II and
28.6% in interval III of the total biomass mortality of the
community, suggesting that biomass mortality was not sig-
niﬁcantly inﬂuenced by stem mortality. There were no re-
markable dynamics of annual biomass growth in the periods.
The maximum annual biomass growth were found in differ-
ent DBH classes for the three periods; 50–100cm during in-
terval I and 5–10cm both during interval II and III.
3.3.3 Fluxes of subplots
The average stem mortality of each subplot was 1.0±1.4N
in interval II and 3.8±3.4N in interval III, with maximum of
11N and 25N, respectively. The average of stem recruitment
was 1.4±2.5N in interval II and 3.0±3.5N in interval III,
both with a maximum of 23N.
There were signiﬁcant variances between the subplots in
gaps and the subplots in closed canopy in both stem mortal-
ity and recruitment in interval II (Fig. 8; tested by ANOVA,
p<0.001). The signiﬁcant variances were also found in in-
terval III (tested by ANOVA, p<0.001).
The subplots in the different gaps showed different stem
ﬂuxes dynamics (Table 3). Firstly, the stem ﬂuxes of subplots
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Fig. 8. Filled contour maps of stem ﬂuxes (N) for each subplot as
indicated by (A) stem recruitment in interval II, (B) stem recruit-
ment in interval III, (C) stem mortality in interval II and (D) stem
mortality in interval III.
in Gap 1 in two of the periods (II, III) were both signiﬁcantly
higher than the subplots in the closed canopy. Secondly, in
Gap 2, the stem recruitment in interval II was highest, while
the stem morality was the lowest. In interval III, the stem
ﬂuxes of Gap 2 had the similar variation with Gap 1. Thirdly,
the stem mortality of Gap 3 signiﬁcantly increased in inter-
val III, which resulted from the inﬂuence of landslide.
The average annual biomass mortality of each subplot was
3.6±28.0kga−1 in interval II and 22.2±64.2kga−1 in in-
terval III, respectively. The average annual biomass growth
in the three intervals was 11.2±29.0kga−1, 8.5±18.4kga−1
and 9.4±15.6kga−1.
The variance of biomass ﬂuxes between the subplots in
gaps and the subplots in closed canopy was only found in
interval II (tested by ANOVA, p=0.027, Fig. 9).
Compared to the annual biomass growth of Gap 1 in in-
terval I, the annual biomass growth of Gap 1 decreased due
to the inﬂuence of tree-fall in interval II, while it rapidly in-
creased in interval III (Table 4). The biomass mortality of
subplots in Gap 1 was higher than the subplots in closed
canopy in both periods. As for Gap 2, the biomass growth
of the subplots was always smaller than the subplots in the
closed canopy in the three periods, but kept increasing, es-
pecially in interval III. The biomass mortality of Gap 2 also
increased in interval II and interval III, at higher rates than
the growth in biomass. Both the biomass growth and mortal-
ity of subplots in Gap 3 were affected by the occurrence of
the landslide in interval III.
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Table 3. Stem ﬂuxes of subplots (5×5m2 for each one) in canopy gaps and closed canopy for intervals II and III.
Subplot Stem recruitment (N) Stem mortality (N)
Position Number Interval II Interval III Interval II Interval III
Subplot in Gap 1 28 3.3±5.0 5.9±5.3 2.1±1.7 4.3±5.1
Subplot in Gap 2 24 6.2±4.5 5.8±3.8 0.3±0.8 4.1±3.1
Subplot in Gap 3 12 0.3±0.7 0.3±0.7 1.0±0.7 7.8±2.6
Subplot in closed canopy 336 1.0±1.4 2.6±3.1 0.9±1.4 3.6±3.2
Table 4. Biomass ﬂuxes of subplots in canopy gaps and in the closed canopy.
Biomass growth (kga−1) Biomass mortality (kga−1)
Position Interval I Interval II Interval III Interval II Interval III
Subplots in Gap 1 9.0±13.4 8.4±12.1 17.0±22.5 5.8±9.8 23.4±67.0
Subplots in Gap 2 3.3±5.0 4.0±3.1 8.1±6.6 4.3±20.4 17.6±32.0
Subplots in Gap 3 8.6±10.6 5.0±5.6 2.8±5.9 1.2±3.4 59.4±76.4
Subplots in closed canopy 12.1±31.2 9.0±19.7 9.1±15.4 3.4±29.9 21.1±65.0
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Fig. 9. Filled contour maps for biomass ﬂuxes (kga−1) of each subplot as indicated by (A) biomass growth in interval I, (B) biomass growth
in interval II, (C) biomass growth in interval III, (D) biomass mortality in interval II and (E) biomass mortality in interval III.
4 Discussion
4.1 Biomass, stem pools and ﬂuxes of the community
We observed similar ﬂuctuations for stem and biomass pools,
but the stem and biomass ﬂuxes in the three periods ﬂuc-
tuated in different ways. During the three periods, when
we carried out measurements, biomass growth was stable
and biomass mortality showed a continuous decrease, while
both the stem recruitment and stem mortality increased. The
old-growth forest had stable stem recruitment and biomass
growth. Results of stem ﬂuxes were consistent with other
previous observations (Sheil and May, 1996; Johnson et al.,
2000; Davies, 2001).
Disturbances such as drought, hurricanes, insect outbreaks
or wind (Beard et al., 2005; Mascaro et al., 2005), and physi-
cal conditions such as temperature, light and topography, are
the two primary factors, which affect the temporal ﬂuctu-
ation of pools (Miura and Yamamoto, 2003; Lewis et al.,
2004; Phillips et al., 2004). In this study, the ﬂuctuation
was affected by both disturbances and physical conditions.
From 1992–1999, both biomass and stem ﬂuxes were nearly
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balanced with the occurrences of insect outbreak and tree-
fall. Such a balance reﬂected the dynamic equilibrium of
biomass and stems. From 1999 to 2004, the balances of
biomass and stems were broken by both an insect outbreak
and the occurrence of a landslide, which caused remarkable
increase of stem mortality and biomass mortality. However,
there was increased stem recruitment, while biomass growth
remained stable during disturbance.
4.2 Comparisons of the stem recruitment and mortality
to other studies
Recruitment and mortality of stems with DBH≥2.5cm in a
60-yr-old tropical moist forest were 9% and 20% during a
10-yr period (Lang and Knight, 1983), which were both sig-
niﬁcantly lower than those during 1994–2004 in the plot pre-
sented here (27% and 45%). Furthermore, the annual stem
recruitment of DBH≥10cm during the three intervals in the
Dinghushan MAB Reserve were all within the range of the
tropical forest in the Amazon (Table 5). However, the an-
nual mortality of stems with DBH≥10cm in interval III was
higher than the maximum in the Amazon (Phillips et al.,
2004).
Flux dynamics are an emergent property of under-lying
forest structural, ﬂoristic and dynamic processes. Phillips et
al. (2004) showed two extreme simpliﬁed situations: (i) a
system driven entirely by catastrophic mortality, also known
as exogenous disturbance events; or (ii) a system driven en-
tirely by endogenous growth and recruitment processes, in
which resource supply provides the ultimate driver for forest
ecology so that trees die competing for these resources. On
the one hand, from the comparisons of the stem mortality to
other tropical forests, the former situation best approximated
the reality in the plot. On the other hand, the stem recruit-
ment was within the range of tropical forests, which showed
the recovery response of old-growth forest to the disturbance
in the ﬂuctuation.
4.3 The ﬂuxes of indirect-inﬂuenced populations
The biomass pool and stem pool in the indirect-inﬂuenced
populations were divided into several sub-pools by species,
DBH classes and subplots in space. Under such classiﬁca-
tions, the variations of biomass and stem ﬂuxes among sub-
pools would be helpful to understand the contribution of dif-
ferent sub-pools on community ﬂuxes and the relationship
between the periods.
The populations with the average DBH<10cm dominated
the stem ﬂuxes among the indirect-inﬂuenced populations.
Furthermore, higher stem mortality rates were also found in
the DBH classes of 1–10cm. This result in the sub-tropical
forest is consistent with the results found in other tropical
forests and boreal forests, where stem ﬂux was commonly
found in DBH<10cm (Sheil and May, 1996; Lawson et al.,
1999).
Table 5. The percent of stem mortality and stem recruitment of the
monitoring standard of DBH≥10cm in Dinghushan MAB Reserve.
Interval I Interval II Interval III
Stem mortality 0.0% 1.6% 7.6%
Stem recruitment 2.4% 1.7% 4.1%
Thedominantpopulationsinthebiomassﬂuxeswerecom-
posed of the populations in nearly all average DBH classes
(1.7±0.4cm to 34.3±2.3cm). Furthermore, the biomass
ﬂuxes in different DBH classes were not signiﬁcantly af-
fected by the stem ﬂuxes. There were different causes for
biomass growth and mortality. The biomass growth was
composed of two parts, namely, the increments of biomass
of all surviving trees and that of the newly recruited trees.
Although there was higher stem recruitment in DBH classes
of 1–10cm, the surviving trees in bigger DBH classes still
contributed more to the biomass growth. Thus, the distribu-
tion of biomass growth for DBH classes was not highly inﬂu-
enced by higher stem recruitment. As for mortality, the stem
mortality of DBH classes>10cm is remarkably smaller than
DBH classes of 1–10cm (Sheil and May, 1996). However,
the biomass storage of one dead tree increases with larger
DBH. Accordingly, DBH classes>10cm, which had smaller
stem mortality, actually had larger biomass mortality.
Spatially, the subplots in the gaps showed signiﬁcantly
higher stem ﬂuxes than those in closed canopy. Meanwhile
the higher biomass accumulation rates were also found in the
subplots of gaps after the gap formation. It suggests that stem
ﬂuxes were greater in gaps compared to those in non-gaps
and growth rates of saplings were relatively high. This re-
sult was consistent with studies in tropical forests (Lang and
Knight, 1983; Uhl et al., 1988; Hubbell et al., 1999; Battles
and Fahey, 2000). Furthermore, there were also ﬂux differ-
ences between gaps. Biomass and stem ﬂuxes in Gap 1 were
always greater than in Gap 2. This result was probably due to
the different gap forming modes, for instance, tree-fall gaps
formed high nutrient pools in surface soils from large masses
of fresh litter from the fallen trees (Denslow et al., 1998).
5 Conclusions
The community ﬂuctuation of the old-growth forest was
inﬂuenced by a biotic factor and an abiotic factor. The
old-growth forest had stable stem recruitment and biomass
growth in the community ﬂuctuation. The stem ﬂuxes and
biomass mortality of the community were signiﬁcantly af-
fected by disturbance, while the biomass growth appeared
not to be greatly affected. Castanopsis chinensisi popula-
tion functioned most importantly in the stability of biomass
ﬂuxes. Insect direct-inﬂuenced populations were seriously
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inﬂuenced by disturbance. The biomass and stem ﬂuxes of
indirect-inﬂuenced populations showed the spatial and tem-
poral variations in dominant species, DBH classes and sub-
plots. The gaps due to tree fall and landslides had remarkably
higher stem ﬂuxes than those in closed canopy. The biomass
growth rate in gaps increased remarkably after the formation
of the gaps. During the disturbances, the overall community
function remained stable in the old-growth forest.
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